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PLANT MATERIALS EXTRACTION METHOD 

FIELD OF INVENTION 

Aspects of the invention relate to methods of extracting organic compounds from solid 
plant materials, and more specillcallyi to methods of extracting organic compounds from 
solid plant materials using liquid solvents, and the extracts obtainable by such methods. 

BACKGROUND OF THE INVENTION 

Thuja plicata Don,, commonly known as the Western red cedar, is a North American tree 
of the Cupressaceae family (Order Cupressales) native to the Pacific Northwest. 
Extensively harvested for wood products, the tree has also been shown to contain 
compounds of biological Interest (see. for example, "The Chemistry and Utilization of 
Western Red Cedar*' by Barton, G,M., et a/. Publication 1023 of the Government of 
Canada, Department of Fisheries and Forestry, 1971; and US Patent No, 4,645,536), 
Western red cedar leaf, wood and bark oils have been found to contain a number of 
biologically active substances, some of which have been characterized. There are for 
example sevemi components In the steam^volatlle oil of Western Red Cedar heartwood, 
such as alpha-thujaplicin, gamma-thujaplicin, beta-thujaplicin (also known as "hinokitiol", 
see for example US Patent No. 6,658,584, and 2»4,6-Cycloheptatrien-1-one,2-hydroxy-4- 
(1-methylethyl) [499-44-5]), beta-dolabrin, beta-thujaplicinoi, thujic add, tropolone (2- 
Hydroxy-2,4,S-cycloheptatrien-1-one [533-75-5]) and methyl thujate. Many of these 
compounds are members of a class of compounds known as tropolones, which are 2- 
hydroxycyclohepta-2,4,6-trienone$ and derivatives formed by substitution. 

Some of the compounds identified in Western red cedar extracts have been found in the 
heartwood of other decay-resisting species of trees, particularly In the Cupressaceae 
species. In Western red cedar, tropolones may comprise a small percentage of the tree 
components. Other substances in cedar heart wood may include non-volatile substances 
such as plicatic acid, plicatin. thujaplicatln, lignins and cellulose. Some of these 
compounds, particularly plicatic add, have been implicated in the development of asthma 
(Chan-Yeung. M. {1994) Am J fnd Med. 25(1):13-a)- 

Tropolone components have been studied as antibacterial agents, see for example by 
Anderson, AB ef a/. Acta Chem. Scand. (1948) 2:644; Erdtman, H. ef at. Nature 
(1948),161:719; Grip nborg, J. Acta Cham, Scand. (1948) 2, 639; Arima, Y; Nakal Y; 
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Hayakawa R. et aA{2003). J Antimlcrob Chem 51(1):1 13-22; lnamori» Y. Shinohara. S., 
Tusjibo» H. et al. (1999;, Biological & Pharmaceutical Bulletin, 22(9): 990-3. 

The antifungal and preservative aspects of cedar extracts are of recognized value. 
United States Patent No. 4,413,023 describes a crude method for extracting these 
compounds from cedar, yew and other species, and using the extracts on other wood 
species as a preservative. Other researchers have studied tropolones as antifungals* for 
example i^orltap Y; Matsumura, E., Tsujibo, et al. (2002), Biological and 
Pharmaceutical Bulletin, 25(8): 981-5. 

Certain components of Thujopsis tree extracts have been studied for anticancer activity In 
vitro, for example by Masumura E,, Morita Y, Date T et al. (2001), Biological & 
Pharmaceutical Bulletin, 24(3): 299-302. 

Tropolones have been studied for their insecticidal activities, for example in Inamori, Y.; 
Morita, Y. (2001). Aroma Research 2(2): 137-143; and Ahn-Young-Joon. Lee-Seong- 
Baek, Lee-Hoi-Seon etaL (1998), Joumalof Chemical Ecology 24(i): 81-90), 

Tropolones can be used as a starting point In the synthesis of other useful compounds, 
for example in Yamamoto M.. Haslgaki K; Kokubu N.. et al. (1984), J Med Chem 27(12): 
1449-53; and in Yamamoto, M., Hashigaki. K; Ishikawa S. (1985), J Med Chem 
28(2):102e-31. 

Methyl thujate has been used as an ingredient in fragrances, or as a fragrance In other 
producis- The biochemical methyl thujate, which Is responsible for the distinct odor of 
Western red cedar, has been studied extensively for its cosmetic and fragrance 
applications. 

"Waste wood" is a term that may be used to characterize cellulosic material comprising 
wood shavings, sawdust, bark, splinters, etc., which are frequent byproducts of the 
lumber industry. In some circumstances, waste wood is an underutilized commodity that 
may present disposal Issues. In addition, the potentially useful chemical components of 
such species as Western red cedar are relatively inaccessible In waste wood, as they are 
contained in small quantities entrained in wood fibres with other compounds. 
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SUMMARY 

In accordance with one aspect of the invention, there is provided a process for preparing 
extracts from solid plant materials. The plant materials may, for example, comprise 
tropolones, llgntns and/or and polar molecules, and the process may include mixing the 
plant materials with a liquid polar solvent to form an extraction mixture. The extraction 
mixture may, for example, be maintained under extraction conditions effective to extract a 
proportion of the lignlns» such as 50%» the polar molecules and a proportion of the 
tropolones, such as 50%, In the plant materials into the polar solvent to form a pregnant 
polar solvent liquid phase and a solid phase of extracted plant materials in the extraction 
mixture. The pregnant polar solvent liquid phase may then be separated from the solid 
plant materials, and may be mixed with a substantially immiscible nonpolar solvent under 
partition conditions effective to partition the tropolones and lignins substantially Into the 
nonpolar solvent, and to partition the polar molecules substantially into the polar solvent, 
forming a partitioned nonpolar solvent phase including lignins and tropolones, and a 
partitioned polar solvent phase including the polar molecules. The partitioned polar 
solvent phase may then be separated from the partitioned nonpolar solvent phase to 
obtain a polar plant extract and a nonpolar plant extract. 

In accordance with another aspect of the invention, there is provided a process for 
preparing extracts from solid plant materials, the plant materials may for example include 
tropolones, lignins and/or pllcatic add. The process may include mixing the plant 
materials with a liquid polar solvent to fonm an extraction mixture. The extraction mixtures 
may be maintained under extraction conditions effective to extract a proportion of the 
pllcatic acid, a proportion of the lignins and a proportion of the tropolones, such as 50%, 
In the plant materials into the polar solvent to form a pregnant polar solvent liquid phase 
and a solid phase of extracted plant materials. The pregnant polar solvent liquid phase 
may be separated from the solid plant materials- The pregnant polar solvent liquid phase 
may be mixed witii a nonpolar solvent which may be substantially immiscible, under 
partition conditions to partition the tropolones and the lignins substantially into the 
nonpolar solvent, and to partition the pllcatic add substantially into the polar solvent, to 
form a partitioned nonpolar solvent phase including lignins and tropolones and a 
partitioned polar solvent phase induding pllcatic acid. The partitioned polar solvent 
phase may then be separated from the partitioned nonpolar solvent phase to obtain a 
polar plant xtract and a nonpolar plant extract. 
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The processes described above may further Include concentrating the partitioned polar 
solvent phase and the partitioned nonpolar solvent phase by removing the polar and the 
nonpolar solvents respectively to form a concentrated polar phase and a concentrated 
nonpolar phase. The polar solvent and the nonpolar solvent may, for example, he 
removed by distillation. 

The concentrated nonpolar plant extract may be treated with an additional wash of a 
nonpolar solvent effective to partition lignins and tropolones into a Kgnin extract and a 
tropotone extract. The nonpolar solvent may be diethyl ether, 

The plant materials may be wood, which may be from a plant species selected from the 
plant order Cupressales, and may include Chamaecyparis forwosensis, Chamaeoyparis 
lawsoniana, Chamaecyparis obtusa, Chamaecyparis taiwanensis, Chamaecyparis 
thyoides, Cupressus abramsiana, Cupressus arizonica, Cupressus bakeri, Cupressus 
goweniana, Cupre$sus macnabiana, Cupressus macrocarpa, Cupressus pygmaea, 
Cupressus sargenW, Cupressus sempervlrens, Cupressus torulosa, Juniperus oedrus, 
Juniperus communis, Juniperus chinensis, Juniperus deppeana, Juniperus monosperma, 
Juniperus osteosperma, Juniperus phoenicea, Juniperus thurifera, Juniperus utahensis, 
Calocedrus decurrenSs Calocedrus foanosana, Platycladus orientaiis. Thuja ocddentalis, 
Thuja plicate, Thuja standishii, Thujopsis dolabrata, Tetraciinis articulate, and/or 
Austrocedrus chilensis. 

The polar solvent may be a liquid solvent having a polarity index of at least 4. The polar 
solvent may be 2-methyI-1-propanoK methyl Isoamyl ketone, n-butyl acetate, methyl 
Isobutyl ketone, tetrahydrofuran, 2,6-lutldine. ethyl acetate, isopropanol, chloroform, 
cyclohexanone, methyl ethyl ketone, methyl n-propyl ketone, 2-picoline, dioxane, 
ethanol, nitroethane, pyridine, acetone, methoxyethanol, acetic acid, acetonitrile, 
methanoli nitromethane, m-cresol; and/or water. 

The nonpolar solvent may be a liquid solvent having a polarity index less than 4. The 
nonpolar solvent may be squaiane, Isooclane, n-<iecane, 1,1,2-trichIorotrifluoroethane, 
cyclohexane, n-hexane, pentane, cyclopentane, heptane, petroleum ether, carbon 
disulfide, n-butyl chloride, carbon tetrachloride, dibutyl ether, triethylamine, diisopropyl 
ether, toluene, o-xylene, p-xylene, methyl t-butyl ether, bromobenzene, chlorobenzene. 
lodobenzene, o-dlchlorobenzene, diethyl ether, benzene, dichloromethane, ethyl bromide, 
fluorobenzene, ethylene dichloride, Isopentanol. ethylene chloride, 2-propanol, n-butanol, 
n-propanol, and/or tert.-butanoL 
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The extraction conditions in the processes may be maintained for an extraction period of 
from about one minut to three days, from about one to 24 hours; from about four to 12 
hours; about four hours, about six hours, or about 12 hours. 



In accordance with an aspect of the invention, there is provided a polar plant extract 
Presen^atives, antioxidants, cleansing agents, and disinfecting agents having the polar 
plant extract as a component are provided. 



In accordance with an aspect of the invention, there is provided a nonpolar extract The 
nonpolar plant extract may be used as components of preservative compositions, 
antioxidant compositions, fragrances, cleansing agents, and disinfecting agents. The 
nonpolar extracts may be used in the manufacture of medicaments for treating infection, 
fragrances, antibacterial agents, anticancer agents, antifungal agents, insecticidal agents« 
cleansing agents, and disinfecting agents. 

In accordance with an aspect of the invention, there is provided extracted plant materials, 
which may be used for the construction of hypoailergenic wood products. 

In accordance with an aspect of the invention, there is provided a lignin extract. The 
llgnin extract may be used in the manufacture of antioxidizing agents, or act as an 
antioxidant ingredient. 

In accordance with an aspect of the invention, there is provided a tropolone extract. The 
tropolone extract may be used in the manufacture of medicaments for treating Infection, 
disinfecting agents, fragrances, antibacterial agents, anticancer agents, antifungal agents, 
and insecticidal agents. 



BRIEF DESCRIPTION OF THE DRAWINGS 



In drawings which Illustrate embodiments of tfie Invention, 

Figure 1 is a schematic of an extraction sdieme according to one embodiment of the 
invention. 



DETAILED DESCRIPTION 



Referring to Figure 1, the process according to a first embodiment of the Invention is 
shown generally at 10. 
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In a process for preparing extracts from solid plant materials, plant materials which may 
comprise tropolones, lignins and/or polar molecul s are combined with a liquid polar 
solvent to form an extraction mixture 12, which may then be maintained under extraction 
conditions effective to extract the a proportion of the lignins, the polar molecules and the 
tropolones, such as 50% of these components, from the plant materials into the polar 
solvent to form a pregnant polar solvent liquid phase and a solid phase of extracted plant 
materials in the extraction mixture. 

A polar soivent may be a compound that is composed of polar molecules. Polar solvents 
can dissolve ionic compounds or covaient compounds that Ionize. A polar compound 
may be defined as any compound wim a polarity Index of 4 or higher. Polarity ihdex Is a 
relative measure of the degree of Interaction of the solvent with various polar test solutes. 
A useful reference is LR Snyder's 1978 "Classification of the Solvent Properties of 
Common Liquids'' fn The Journal of Chromatography Science, 16, 223. (1978) 
incorporated herein by reference. 

The pregnant polar solvent liquid phase may be separated 14 from the solid plant 
materials 13, by filtration or layering as prefen-ed and further described below. The 
pregnant polar solvent liquid phase 16 may be concentrated 18 at this point by distillation 
or other means. The pregnant polar liquid solvent 16 may then be mixed with a nonpolar 
solvent, which may be substantially immiscible, to partition the tropolones and lignins 
substantially into the nonpolar solvent, and to partition the polar molecules substantially 
into the polar solvent, forming a partitioned nonpolar solvent phase including a proportion 
of the lignins and tropolones, and a partitioned polar solvent phase Including a proportion 
of the polar molecules. 

In some embodiments, partition conditions include room temperature and normal 
atmospheric pressure, but may also include reduced atmospheric pressure and 
temperatures ranging from 0 to about 200** C. 

Nonpolar solvents may be compounds that will only dissolve nonpolar covaient 
compounds. A nonpolar compound may be dassified as any compound with a polarity 
Index of 4 or lower. 

The partitioned polar solvent phase may be separated from the partitioned nonpolar 
solvent phase to obtain a polar plant Extract IB 30 and a nonpolar plant Extract 1 A 28. 
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The polar solvent and nonpotar solvents may be removed after extraction to form a 
concentrated polar phase and a concentrated nonpolar phase. The polar solvent and the 
nonpolar solvent may, for example, be removed by distillation, chromatography, or 
removed as a layer after settling or centrifugation. 

The nonpolar plant Extract 1A 28, concentrated or not, may then be treated with an 

additional wash of a nonpolar solvent 34 effective to partition lignlns and tropolones into a 
Ugnin Extract ID 38 and a Tropolone Extract 1C 36. The nonpolar solvent may be 
diethyl ether but Is not limited thereto. 

The plant materials used are generally wood from a plant species selected from the plant 
order Cupressales, and may Include one or more of Chamaecyparis formosensis, 
Chamaecyparh fawsoniana, Chamaeayparis obtusa, Chamaecyparis talwanensis, 
Chamaecyparls thyoides, Cuptassus abramsiana, Cupressus arizonioa, Cuprossus 
bakeri, Cupressus goweniana, Cupressus macnablana, Cuprossus macrocarp^, 
Cupressus pygmaea, Cupressus sargentil Cupressus sempervirens, Cupressus torulosa, 
Juniperus cedrus, Juniperus communis, Juniperus chinensis, Juniperus deppeana, 
Juniperus monosporma, Juniperus ostaospermas Juniperus phoenicea, Juniperus 
ihurifera, Juniperus utahensis, Calocedrus decunens, Calocedrus formosana, 
Platycladus orientaiis. Thuja OGcidentalis. Thuja plicata. Thuja standishii, Thujopsis 
dolabrata, Tefraclinis articutata, and Auslrocedrus chiiensis. 

The starting plant materials may include not just tropolones and llgnfns, but also pllcatic 
add, a polar molecule. PIfcatic acid may then be sequestered In Extract IB 30. Thuja 
plicata Don, Is a useful plant material for the production of many desired compounds as 
well as plicatic acid by processes of the Invention. 

Plant materials may be macerated, chipped, chopped, ground, cut into smaller pieces, 
ground up, crushed, or splintered, eta Plant materials, Including wood, may be a natural 
by product of nomial lumber or crop processing, or may be specifically harvested and 
processed for the purpose of extraction. 

The polar solvent may be a liquid solvent having a polarity Index of at least 4, The polar 
solvent may be one or more of 2-methyl-l-propanol, methyl Isoamyl ketone, n-butyl 
ac tat , methyl isobutyl k tone, tetrahydrofuran, 2,6-lutidine, ethyl acetate, isoprcpanol. 
chlorofomn, cyclohexanone. methyl ethyl ketone, methyl n-propyl ketone, 2-picoline. 
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dioxane, ethanol, nitroethane, pyridine, acetone, methoxyethanol, acetic acid, acetonitrile, 
methanol, nitromethane, m-cresol; and/or water. Other polar solvents may be used. 

The nonpoiar solvent may be a liquid solvent having a polarity index of less than 4. In 
embodiments of the invention, the nonpoiar solvent may be one or more of squaiane. 
Isooctane, n-decane, 1,1,2-trichlorotrifluoroethane, cydohexane, n-hexane, pentane, 
cyclopentane, heptane, petroleum ether, carbon disulfide, n-butyl chloride, carbon 
tetrachloride, dibutyl ether, triethylamine, diisopropyl ether, toluene, o-xylene, p-xylene, 
methyl t-butyl ether, bromobenzene, chlorobensene, lodobenzene, o-dichlorobensene, 
diethyl ether, benzene, dichloromefliane, ethyl bromide, fluorobensene, ethylene 
dichloride, isopentanol, ethylene chloride, 2-propanol, n-butanol, n-propanol, and/or tert- 
butanol. Other nonpoiar solvents may be used. 

The polar plant extracts, for example Extract IB 30, may be an active Ingredient In 
preservatives, antioxidants, cleansing agents, and disinfecting agents. 

The nonpoiar extracts, for example Extract 1A 28 and Tropolone Extract 1C 36, may be 
useful as components of preservative compositions (Hlroyasu Y.. Takatoshi Y; Takako Y. 
(1998), Japanese Journal of Food Chemistry 5(2)), antifungal agents (Morita, Y; 
Matsumura, E., Tsujibo, H. et aL (2002), Biologicat and Pharmaceutical Bulletin, 25(8): 
981-5; and Inamori, Y.; Moiita, Y. (2001), Aroma Research 2(2): 137-143; and Qrohs, 
B., Wegen. HW., and Kunz. B. Holz Als Roh-und Werstoff (1999). 57(4): 227-281), 
antioxidant compositions, fragrances, cleansing agents, antibacterial agents (Anderson. 
AS et aL Acta Chem. Scand, (1948) 2:644; Erdtman. H. et al. Nature (1948),161:719; 
Gripenberg, J. >Ac/a Chem, Scand. (1948) 2, 639, Arima, Y; Nakal Y: Hayakawa R. et 
aA(2003), JAntimicrob Chem S1(1):113-22, and Inamori, Y. Shinohara, a, Tusjibo, H. et 
aL (1999), Biological & Phanvaceutical Bulletin, 22(9); 990-3), disinfecting agents 
(Miyamoto D., Kusagaya Yl, Endo N. et aL (1998). Antiviral Researvh, 39(2): 89-100). 
SnsecHcidal agents (Inamori. Y.; Morita, Y, (2001), Aroma Reseamh 2(2): 137-143; Ahn- 
Young-Joon, Lee-Seong-Baek, Lee-Hoi-Seon et aL (1998), Journal of Chemical ecology 
24(1): 81-90), and/or anticancer agents (Masumura E., Morita Y, Date T ef aL (2001). 
Biological & Pharmaceutical Bulletin, 24(3): 299-302 and Miyamoto, D., Endo, N.. Oku, N. 
et aL (1998), Biological & Pharmaceutical Bulletin, 21 (12): 1268-62). The nonpoiar 
extracts may further be used in the manufacture of fragrances, disinfecting and cleaning 
agents, antifungal agents, preservative agents, and toiletries such as toothpastes (Osawa 
K; Matsumoto T; Maruyama T, a/. (1990), Bulletin Tokyo Dental College 31(1): 17-21), 
shampoos, and soaps etc. 
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Th nonpolar extracts may b used In the manufacture of medicaments for treating 
infection, cancer, fungal overgrowth, and parasite infestation in mammals, including 
humans. 

The nonpolar extracts of the invention may be used as a starting point in the synthesis of 

other compounds, for example potent antitumour compounds such as described in 
Yamamolo M., Hasigaki K; Kokubu ^4., et aL (1984), J Med Cham 27(12): 1449-63; and in 
Yamamoto, M.. Hashlgaki, K; Ishilcawa S. (1985), JMeof Chem 28(2): 1026-31. 

Polar compounds such as flavenoids and diterpenes !n Thuja orientalis have been shown 
to be useful as 5o*reductase inhibitors and useful in treating alopecia, controlling excess 
hair growth, and in treating acne (see, for example. Canadian patent application CA 
2178528). 

Methyl thujate may be used as an ingredient In fragrances, or as a fragrance in other 
products. 



Solid plant materials after extraction 13 may be useful for the construction of 
20 hypoallergenic wood products including, but not limited to, particle board, artificial logs for 

home fireplaces, etc. In these plant materials 13, the pHcatfc acid component implicated 
in asthma causation may be greatly reduced. Indeed, these solid plant materials 13 may 
have certain extracted components reintroduced during manufacture, such as methyl 
thujate for fragrance, or other tropolones for preservation, but remain virtually free of 
25 plicatic acid. Thus a type of hypoallergenic cedar wood material Is possible for 

construction. 



30 



The process according to one embodiment of the invention may iru:lude removing a 
proportion of the lignin from the nonpolar phase. Extract 1 A 28, with an additional wash of 
nonpolar solvent, to fonm Tropolone Extract 1C and Lignfn Extract ID 38. The Llgnln 
Extract 1D 38 may be useful in the manufacture of antioxidants agents, or as an 
antioxidant ingredient fn various foods, beverages, and industrial mixtures. 



35 



See for example Canadian Patent 880830. Sept 14, 1971 to Karchmar, A, & McDonald, 
K., and United States Patents 3,644,481And 3,754,943. 



' on 02/02/200S " 
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The Tropolone Extract 1C 36 may be useful In the manufacture of medicaments for 
treating infection, disinfecting agents, fragrances, antibacterial agents, anficancer agents, 
antifungal agents, antiparasitic agents and InsecKcidal agents. 

Extract IB 30 may Include many useful nonvolatile compounds including but not limited 
to: pllcaac acid, piicatin, thMjapllcatin. thujaplicatin methyl ether, dihydroxythujaplicatin. 
hydroxythujaplicatin methyl ether, dihydroxythujaplicatin methyl ether. pHcatlnaphthaiene. 
pllcatlnaphthoi. and/or gamma-thujaplicatene. 

In some embodiments of the Invention. Extract 1A 28 and Tropolone Extract 1C 36 
contain a compound of the formula (1) 
O 




at high levels sodn as 1 5%. 

This compound may be useful as a starting material in chemical synthesis, in antibacterial 
and disinfectant compositions, in antifungal, insectlcidal. or preservative agents, etc. 

The extracts and compounds of the invention may for example be fom^ulated for topical use 
In creams ointments, tinctures, soaps or washes. The extracts of the invention may be 
useful as cancer treatments, enzyme Inhibitors or phanpaceuticals. in the form of topicals. 
coatings, injectables, aiKl Ihe Hke. 

Optionally, the extracte or compounds of the invenHon may be used as a preservative in 
food preparation in small quantifies, to prevent the growth or survival of pathogenic agents. 
The compounds and extracts of the Invention may be used in insectlcidal, antifungal or anti- 
parasite formulations or treatments, and as an Ingredient in cosmetics and health aids such 
as toothpaste, mouthwash, and hair treatments Including shampoos, conditioners and 
rinses. The compounds and extracts may also be used as topical anUseptics or antifungals, 
or in fonnulations for insect repellents. They may be added to texBles and plastics as a 
disinfectant, conditioner, insect repellent and deodorant 



k.. ■ iCDTn from fho IP\Af linana nafahase on 02/02/2005 
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In some embodiments, the compounds and extracts may also find use as an ingredient ?n 
household products such as carpet shampoos, floor-cleaning agents, surface cleaning 
agents and polishes. 

In some embodiments, the extracts may pro^de an economical starting material for the 
isolation or manufacture of medically useful terpenoids^ flavenoids, or tropolones. 

In some embodiments, the compounds and extracts may find use as intermediates in the 
manufacture of derivatives based on the chemical platform of the individual extracted 
compounds, a platform that is based on the unique seven sided ring structure of the 
tropolones molecule. 

in a typical situation, plant materials such as those from Arizona Cypress {Cupressus 
arizonlca); McNab Cypress, {Cupressus macnabiana); One Seeded Juniper, {Junfperus 
monosperma); Atlantic White Cedar {Chamaecyparis thyoides); Chamaecyparis obtusa 
(KfsoHi'nokiX Thujopsis dolabrata. Western Red Cedar (Thuja plicata Don.), and Northern 
White Cedar {Thuja occldentalis) may be harvested and optionally macerated to provide a 
high surface area to volume of plant tissues. This product will hereafter be referred to as 
"plant materials", and will be used to refer to the solid materials subject to extraction, and 
"extracted plant materials'" to the solid materials remaining after extraction. The starting 
plant materials may include bark, stem-wood, root wood, branch wood, foliage, fruits and 
seeds of the species used to prepare the plant materials. Plant materials may be from 
fresh or old plants or trees, and may be waste material from harvest or manufacture, 
including wood chips, sawdust, and stumps. One specific species of plant materials, or a 
number of species, may be used. 

In methods according to an embodiment of the invention, plant materials containing 
desired compounds are treated with solvents to extract and separate desired substances 
from the plant tissue. Freshly harvested plant materials may be preferred, but old wood 
may also be used to produce products with a lower potential yield but at a lower materials 
cost. 

The methods may involve the use of a polar solvent and a nonpolar solvent applied 
sequentially to extract and purify the desired compound mixtures. The extracts can then 
be concentrated, and may be either used as a mixture, or subjected to isolation of the 
various member compounds or groups of compounds. 
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The plant material, which may be macerated, is then mixed with enough of the polar 
solvent to xtract compounds by dissolving them from the plant material. Th reaction 
may take place in a container. In Figure 1 , the plant material and solvent mixture is 
represented at 12. The container used may be small, for example a few hundred 
mtllilitres, but is more typically an industrial sized vat or tank of several litres to hundreds 
to even thousands of litres. The vat may be metal, non-reactive plastic such as 
polycarbonate, wood, glass, or a combination of those materials. The vat may be 
polymer (i.e. Teflon^) or glass lined. The process may be a continuous batch process or 
a single batch. The tanks or vats may be clustered such that the polar solvent will flow in 
a countercurrent fashion starting fresh In tanks of plant materials that have been 
previously processed and going on to tanks containing less processed, and finally 
unprocessedi plant materials. 

Extraction may be effected by immersion of the plant materials in, and/or percolation 
through the plant materials by, the polar solvent. The mixture may be agitated, kept at a 
low atmospheric pressure, or at an elevated temperature to improve extraction. 



20 



In this way the polar solvent may be "loaded" with the maximum amount of the 
extractable compounds and those compounds remaining in the plant materials may be 
kept to a minimum. 



25 



The polar solvent may be one or more of the polar solvents as previously described, but 
is not limited thereto. Table 1 is a table of solvents showing a polarity index for each 
(Snyder ig74, ig78). In some embodiments, the polar solvent has a polarity index of at 
least 4. Table 2 lists categories for some of the solvents in Table 1 . 



Table 1. Solvents and Their Characteristics 



Solvent 


Polarity 
index 


Water Solubility 
(gram^lOOmO 


Boiling Point 


Squalane 


-0.8 




285 at 25 mm Hg 


Isooctane 


-0.4 


Insoluble 


99.24 


n-Decane 


-0.3 


0.1 


174.1 


1 ,1 ,2-Trichlorotrifluoroethane 


0.0 


0.02 


47.67 


Cydohexane 


0 


Insoluble 


80.72 


n-Hexane 


0 


0.00947 


68.7 


Pentane 


0.0 


0.04 


36.07 


Cyclopdntane 


0.1 


Insoluble 


49.26 
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Solvent 



Water solubility 
(grams/iooml) 



Boiling Point 

98.43' 



Methyl t-Bulyl Ether 



Bromobenzene (Vll) 



Chiorobenz ene (y») 
lodobenzene (VH) 




o-Dich1orobenzene 
Diethyl ether ^i) 
Benzene (VID) 
Dichloromethane 
Ethyl bromide (Via) 



Fluorobenzene (VH) 
Ethylene Dichtonoe 
Isopenlanoi {.»} 



Ethylene chloride (V) 
2-propanol (U 
n-Butanol (ii) 
n-Propanol (II) 
Tert.-Butancl 00 



2-Methyl-1-propahol 



Methyl Isoamyl Ketone (Via) 



n-Butyl Acetate 



Methyl Isobutyl Ketone (Via) 



Tetrahydrofuran (lU) 



2.6-Lutidlne (III) 
"Ethyl acetate (Via) 
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Solvent 



P larity 
Ind X 



Isopropanol (IQ 



CWoroforrnO/HO__^ 
Icvctohexa none ^via) 

2-PiconnB (Ul) 
Otoxane (Via) 



(grams/IOOmI) 

Miscible 



4.3 
Misclble" 



BoiUng Poim 

"61,15 

79.64 
102.4 

^29,5 

101.32 



"Ethan ol {.mJ 
Pyridine (HI) 



Acetone (Via) 
^^Aethoxy etha^ol (vv7 
Acetic acid (IV) 



Misctble 
MisclWe^ 



115.25 



56.2 



Acetonitnie vvw/ 
Mettianol (iO 
Nitromethan e (Vib) 
m-Cresol (VlTl) 



Miscible 
[ Miscibie" 
"MlsdbJe 



124.6 



117.9 



61.60 



Misabie 



88-94 



100 



"Water (VUl) 



^ fckyi halides. Keloid esters, nitnies. | 
I Idloxane j — „Konvi alkvl ethers, aromalK 



Ihvdrocarbon s _ 
iHalobenzeTig's, dlphenyl ether" 
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When viewed for its solvent properties, water is eff ctive at penetration of most plant 
tissue. However, water alone usually offers insufficient penetration of tii dense, thick- 
walled woody plant materials used In the present application* 

In Sonne embodiments of the Invention, when polar solvents other than water are applied 
to plant materials, the results are improved intracellular .penetration of the plant materials 
over those obtained by the use of water as a solvent. 

In some embodiments, the polar solvent may be soluble in water. The polar solvent may 
for example have a solubility In water of at Ieast70%, at least 80%. or at least 90%. 

In some embodiments of the Invention, the plant materials may be immersed in the polar 
solvent for a period of time, firom a few minutes to several hours, until the desired amount 
of extraction from the plant materials has occun-ed. The extraction conditions In the 
processes may be maintained for an extraction period of from about one minute to three 
days, from about one to 24 hours; from about four to 12 hours; about four hours, about six 
hours, or about 12 hours. The period can be longer or shorter, depending on the required 
yield and the physical and chemical condition of the plant materials. These conditions 
may include reduced pressure and/or elevated temperature according to the plant 
materials, boiling points of the solvents being used, and desired composlKon of extracted 

Temperature and pressure of the solvent^plant materials mixtures can be adjusted to 
affect the rate at which the plant materials are extracted. Higher temperature and/or 
lower pressure will result in higher rates of extraction, but may also lower yields of 
unstable or heat*labile compounds. 

After extraction, the extracted plant materials are separated from the solvent by physical 
means. This may be done using a sieve or series of sieves, filters, manual raking, netting 
of various sized holes, centrifugation. ultracentrifugation, or the use of any other device 
with openings adequate to let only the liquid (comprised of me polar solvent pregnant with 
dissolved plant extracts, as well as water from the plant materials), through while 
retaining the greater part of the extracted plant materials. The resulting solvent phase 
may be referred to as 'pregnant*. 

After xtraction. the extracted plant materials 13 may for example be used for some other 
purpos such as in pulp and paper production, for alcohol manufacture, for biodi set, for 
composting, for making stnuctural elements like boards and sheets using adhesfves, for 
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example Portland 10 cement or fomialdehyd glue, as fuel for cogeneration, returned to 
the forest as fertilizer, used as playground or gardening surface materials, or used as 
daily cover at landfills. 

The pregnant liquid may then be further processed for example by filtering, centrifugation 
or by settling, to remove smaller particles of plant materials not removed by the first 
separation. In altemattve embodiments, the filter used may for example have openings, of 
one micron, 5 microns, 10 microns or 100 microns. In alternative embodiments, the 
openings may be larger or smaller depending on the desired product specifications. A 
► series of filters of decreasing pore size may also be used. 

The extract resulting from these first steps can be called Extract 1 20 as shown in Figure 
1, and may be a product for use and sale In and of itself. Extract 1 20 contains both the 
volatile and nonvolatile plant materials extracts. It consists of the original polar solvent. 
3 extracted compounds that are dissolved in the solvent, and any residual water derived 

from the original plant materials. 

Extract 1 20 may be sold or used as is, further processed as described below, or may be 
further processed by distillation 22 to produce a more concentrated solution. This 

0 distillation 22 will be done at tow temperatures, preferably from about 15-80^C, and 

preferably at pressures less than atmospheric for example in the range 500-760mmHg, to 
avoid any loss of the extracted compounds. The concentrated Extract 1 20 may thereby 
be reduced by from 10% to 90% of Its original volume by this step, depending on the 
starting concentration, or degree of reduction of volume or increase of concentration 

15 required. 

In an embodiment of the invention, a nonpolar solvent may be added to Extract 1 20 to 
form a polar/nonpolar mixture 24. The nonpolar solvent may be called an 'opposing 
solvent'. In one example, the nonpolar solvent is dichloromethane, but other possible 
30 solvents are petroleum ether, benzene, diethyl ether, hexane and pentane (see Table 1 

solvents with a polarity index of less than four). 

Extract 1 20 and the nonpolar solvent may be mixed well 24, for example in a separation 
tank, and allowed to partition. This step may for example take from a few minutes to a 
35 few hours or days, one minute to three days, from about one to 24 hours; from about four 

to 12 hours; about four hours, about six hours, or about 12 hours, and may result in two 
or more layers of Immiscible fluids. As previously d scribed, these conditions may Include 
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reduced pressure and/or elevated temperature according to the plant materials, boiling 
points of the solvents chosen, and desired composition of extracts. 

In some embodiments, the polar solvent and the nonpolar solvent may be selected to be 
substantially immiscible. Polar and nonpolar solvents may accordingly be selected so 
that the solvents will separate in separate phases after the components are mixed 
together. The solubility of each solvent in the other may for example be less than 20%, 
10%, 5%. 2%. 1%, or 0.1%, 

The volatile components of Extract 1 20 may migrate to form a layer with the nonpolar 
solvent to form nonpolar Extract 1 A 28 as shown in Rgure 1. The polar solvent, water, 
and the nonvolatile components of Extract 1 20 may also form a second layer, polar 
"Extract IB" 30. The order of layering (upper or lower) may depend on the relative 
weights of first and nonpolar solvents used. 

The layers constituting Extract 1A 28 and Extract IB 30 may be separated by methods 
known In the art of liquid separations, for example by using a separation vessel with 
variously placed spouts, by siphoning, by pouring off the upper layer into another vessel, 
etc. 

Once Extract 1 A 28 is separated, the nonpolar solvent may be allowed to evaporate from 
it under temperatures and/or atmospheric pressure sufficient to result In evaporation, but 
not so high as to cause the volatile components of Extra 1 A 28 to deteriorate. The boiling 
points in Table 1 provide an indication of which solvents will evaporate easily under 
various conditions. 

In some embodiments, Extract 1 A 28 may be concentrated or even desiccated and then 
may be extracted with another nonpolar solvent 34 to extract the tropolone type 
compounds into the nonpolar solvent to form "Tropolone Extract 1C" 36. The remaining 
material may be re-suspended in any of a number of solvents and may form "Lignin 
Extract 1D" 38, which may comprise the greater part of the Hgnin type compounds that 
were present in Extract 1 A 28. 

In some embodiments, the nonpolar solvent may be r moved from Extract 1A 28 by 
distillation or similar means previously discussed, and th recovered solvent may be 
discarded, or more preferably, set aside for reuse in another cycle- The polar solvent 
may slmilariy be removed from polar Extract 1B 30. 
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Extract 1A 28, Extract IB 30. Tropolone Extract 1C 36 and Lignin . Extract ID 38 
d scribed above may be further refined to separate and puriiy the volatile and nonvolatile 
components they respectively contain. Methods for refinement includ , but are not 
limited to, crystallization, fractional distiUation. gas chromatography, gas-llqutd 
chromatography, high pressure liquid chromatography, thin layer chromatography and 
other forms of chromatography known to those skilled in the art. The refined extracts can 
then be used or sold as mixtures, or in more purified forms. 

In some embodiments, refined Extracts 1A 28, IB 30, 1C 36, and 1D 38 may also be 
) further modified or derived to form desired products, or act as intermediates for 

manufacture of other compounds for industrial or medical applications. 

In some embodiments of the invention, a relatively large amount of nezukone has been 
isolated from Extract 1A 28 and Extract 1C 30. Nezukone is a seven-sided ring tropolone 
5 structure present at about 15% by weight of the volatile fraction of the extractives of one 

embodiment of the invention, 

Nezukone 



O 




po Nezukone has a molecular weight of 148.2 and its chemical name is 4- isopropyl 2,4,6 

cycloheptatrienone 

Purified Extract 1 A 28 or Extract 1C 36 or derivatives thereof find use as an antimicrobial 
against various species of bacteria, including MRSA. Other species of bacteria that may 

25 be impeded or eradicated by Extract 1A 28 of the invention include Streptococcus spp., 

Pseudomonas spp., Enterococcus spp., Candida spp., Cryptococcus spp., and 
Escherichia coll ^pp,, Serratia spp., Proteus spp., Bnterobacter spp^, Kiebsielia spp., 
Pseudomonas $pp., as well as other sources of nosocomial infection. The products of 
th invention are useful in preventing the growth of species of pathogens that are 

30 resistant to traditional antibiotics such as vancomycin (i. . vancomycin-resistant 

enterococci). 
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Extract 1A 28 or Extract 1C 36 also finds use as th basis for fragrance manufecture. 
research and discovery, and as an Ingredient In antibacterial, anti-inseotioidal. and 
antifungal preparations for use In hospital settings, food preparation settings, residential 
and industrial environments, and as lumber treatments. The components of Extract 1A 
28 may be used as a platfomi for combinatorial chemistry in pharmaceutical and 
industrial Chemical research and development. Extract 1A 28 may be used as Is or 
further refined or purified prior to use, according to the application. Hospital and food 
environments will require more refined mixtures than industrial applications like 
insectldde and fungitdde preparation. 

Extract 1 A 28 may be sold as bulk liquid at various concentrations to industrial users and 
manufacturers, or may be desiccated in whole or in part to crystalline material for easier 

shipping and greater stability. 

As prepared by the processes of the invention. Extract 1B 30 contains a number of useful 
nonvolatile components such as pHcatic add. plicatln. thujaplicatin. thujaplicatin methyl 
ether dlhydroxythujapllcatln. hydroxythulapllcatln methyl ether, dihydroxythujaplicatin 
methyl ether, pllcatlnaphthalene, pllcatlnaphthol. and gamma - thujaplicatene. Extract 1B 
30 or Its components are sold to chemical reagent companies as a starting material for 
combinatorial chemlsto^. or as a research tool for agricultural and pharmaceutical 
Bdences. Plicatlc add may also be used as a preservative and an antioxidant 

Lignln Extract 1D 38 contains iignin type compounds, whidi find use as antioxidants for 
cosmetics. Industrial applications, and articles of manufacture. 

While spedflc embodiments of the invention have been described and illustrated, such 
embodiments should be considered Illustrative of the invention only and not as limiting the 
invention as construed in accordance with the accompanying claims. Any cited patents, 
patent applications, and published referenced are hereby incorporated by reference m 
those jurisdictions pemnltting such Incorporation. 
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EXAMPLES 

Example 1 
Extraction Process 

The extraction procedures given in the following section of Example 1 describes a small 
commercial scale extraction conducted In an explosion proof facility, using trained staff 
and explosion-proof apparatus dedicated to tliat purpose. 

Approximately 300 litres of run-of-mill western red cedar tissues fresiily macerated in a 
commercial flail shredder were loaded into a Littleford model FKM-600-D-2Z stainless 
steel tank of 600 litre capacity. Tank doors were sealed shut and fresh commercial grade 
methyl alcohol (MA) (methyl alcohol, CHaOH, supplied as 99% pure commercial grade by 
Univar Canada Ltd.) was added through an inlet valve in sufficient quantity to cover the 
plant materials. An agitator built into the inside of the tank was used to stir the mixture for 
two minutes. The mixture was allowed to Interact at 30 ^'C and 760mm Hg pressure for 
about 12 hours. 

The IVIA was then allowed to drain away under gravity via a drain valve at the base of the 
10 tank. At the conclusion of draining, when free flow had ceased but drips were still 

occurring, the valve was closed. Approximately 200 litres of fresh MA were then 
introduced through a valve at the top of the tank to the plant materials. Using the internal 
paddle in the tank, the plant materials were agitated for five minutes. When the agitator 
was turned off. the Inlet valve for the alcohol was closed and the drainage valve at the 
25 base was opened. The 'pregnant' MA was again drained into the same stainless steel 

holding tank used to store the first pregnant MA extract drained from the Littleford tank- 

The 'pregnant' MA solution was then filtered to remove wood debris and wood fines 
(extracted plant materials) down to 1.0 micron diameter by pumping from the holding tank 
30 through a 4,1 litre Pressure Leaf Filter; Type 116,334, Series 36-1.5-28, Model 1-036 

made by Industrial Filter and Pumps, Cicero, IL. The resultant filtered polar solvent 
solution containing MA, \A;ater originating from the plant materials, and dissolved extracts 
from the cedar plant materials, was labeled Extract 1 and stored in a stainless separation 
tank for the next stage of processing. 



p. 22 



36 



Solvent was removed from the extracted plant materials in a Littleford tank/dryer A 
vacuum of betw en 200 and 700 mm Hg was exened on the tank/dryer and the internal 
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agitator set at a rotation speed of between S-10 rotations per minute. Into th slowly 
agitating plant materiate. steam was introduced. Low pressure steam leaving the bo.lers 
at 83-l04kPa. was delivered at a rate of 3kg/hr. heating the plant materials to 90°C. This 
temperature was maintained for 6 hours. Solvent vapors driven from the wood were 
drawn from the reactor through a manually operated vapor port at the top of the 
apparatus, condensed, collected and added to Extract 1. 

Extract 1 was concentrated using a Conthenn Model 6x2 scraped surface jacketed 
evaporator manufactured by De Laval. Newbury. MA. Solvent was evaporated using a 
water jacket set in the range of 65-85-C. Absolute pressure in the system was kept at 22- 
23 mm Hg. The temperature of the concentrated MA leaving the evaporator was in the 
range ay-SS^C. The MA volume in Extract 1 was concentrated to about 12-16% of the 
original volume. 

A separation tank constructed of stainless steel with a conical bottom was then used. In 
the apex of the cone a sight glass was attached, and a drain valve was attached to the 
lower end of the sight glass. For mixing, an electric driven impeller was inserted 
downwards into the tank through an aperture made In the tank lid. The tank lid was 
sealed with a gasket. With the impeller Installed, the aperture in the lid for the shaft was 
sealed with a gasket 

To a concentrated solution of Extract 1 in the separation tank, nonpolar solvent 
dichloromethane (DCM) (CH^CL^, supplied as 99% pure, commercial grade by Univar 
Canada Ltd.), was added. The resulting mixture was mixed thoroughly by the impellor 
and allowed to still (stop moving and settle out) and to partition for one hour. DCM and 
the volatile components of the Extract 1 fbrmed a lower non-aqueous phase or layer 
(Extract 1 A). MA. water and the nonvolatile components of the extract formed an upper 
aqueous phase (Extract IB). 

The upper and lower layers were separated manually by opening the valve at the base of 
the sight glass on the separation tank and allowing the DCM to flow out under gravity into 
a clean empty stainless steel container. When the partition horizon separating the lower 
DCM layer from the upper MA layer appeared in the sight glass of the emptying 
separation tank, th valve was partially closed to slow the flow. When the partition 
horizon arrived at the slightly open valve, the valve was completely closed. The tank 
containing the DCM was taken from under the separation tank and stored. It was 
replaced under the separation tank valve by a second clean empty stainless steel tank. 



■C 08 2003 14:50 FR 604 fiSP cior»>. 

* , ^ ®274 304 682 0274 TO 17034 152559 



P. 24 

22- 



The valve on the sight glass v^/as opened allowing the alcohol layer to completely drain 
Into the second storage tank. The separation of the layers was then complete. 

Excess MA and water were removed from Extract IB by distillation at 105^C to dryness, 
leaving the non-volatile fraction of the extract as a dry powder. This non-volatile fracfion 
made up about seven percent by weight of the original plant materials, and was stored in 
brown glass containers. 

j Extract 1A was concentrated in batches using a Buchi Rotovaporator^^ Model R-153. 

> The water bath was set at a temperature of 20®C with a partial pressure of approximately 

300mm Hg established by a vacuum pump across the solution. DCM was allowed to 
distiii off to be collected for reuse in another cycle. As the recovery of DCM reached 
approximately 98% of the amount at the start of evaporation, an excess of anhydrous 
ethyl alcohol was added to the flask (anhydrous ethyl alcohol, formula C^HsOH, 100% 

5 pure laboratory grade). Distillation was continued at 2Q°C until the remaining 2% of MA 

was removed. The volatile fraction of the wood extract dissolved in the excess ethyl 
alcohol is a purified Extract 1 A. Alternatively, the 2% remaining MA is carefully distilled 
off as before to leave a sticky dark brown colored solid in the retort. In this case, the solid 
is the Purified Solid Extract 1 A. 

iO 

In an alternative procedure, DCM was evaporated from Extract 1 A at low temperatures. 
The residue was then further extracted with ethyl ether to remove the tropolones into a 
Tropolone Extract 1C, leaving the Bgnin type compounds In a Ugnin Extract 1D. TLC 
procedure used after the cleanup was a silica gei plate UV254 with the solvent system 
25 ethyl acetate:hexane in a 4:6 ratio. 

Purified Extract 1A is about 6% by weight (yield) of the original plant materials and 
contains over one hundred and twenty-five compounds that have been identified by gas 
chromatography mass spectrometry (QCMS). Most of these compounds are in trace 
30 quantities and some have been Identified as follows: 
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Table 3: Some of the Volatile Components Found in ThiiJa pficata Don. 



Compound 


Rel tiv Amount 


Application 


Methyl thujate 


6-8% 


Fragrance 


Thujic Acid 


24-28% 


Antiseptic/insect repellent 


Alplia thujapHcin 


0-1% 


Antibiotic/ phytogrowth 
Inhibitor 


Beta thujaplicin 


4-5% 


Antibiotic/ phytogrowth 
Inhibitor 


Gamma thujaplicin 


10-12% 


Antibiotic/phytogrowth 
Inhibitor 


Dolabrin 


0-1% 


Antibiotic / phytogrowth 
inhibitor 


Nezukone 


15% 


Antiseptic 


Carvacol 


0-1% 


Insect repellent 



Example 2 
Analysis of Extracts 

Gas chromatography was carried out on Extract 1 A to identify the volatile compounds 
derived from Thuja plicata Don, The method of running the sample was as follows: 

The run time used was 33 minutes, Agaschromatography device was used. The 
10 conditions were. The results showed a number of peaks at 16 and 24 minutes some of 

which are known compounds methyl thujate. thujic acid, beta thujaplicin, and gamma 
thujaplicin. 

Readings were done on batches of Extract 1 A that had been processed in the initial plant 
1 5 materials extraction for various anvounts of time, and the results showed a time 

dependent increase in the relative amounts of volatile compounds extracted* The data 
are shown below. Two injections of 2pl each were run and the results averaged below. 
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Table 4: Average Peak Areas f r Extract OC 



Batch 


M thyl 
thujate 


Thujic acid 


B-thujaplicin 


A-thujaplicin 


20 minutes 


505 


424 


<DL 


<0L 


40 minutes 


1495 


1019 


<DL 


320 


1S0 

minutes 


2228 


1576 


<DL 


461 


12 hours 


2436 


1812 


175 


638 



TLC was also used to identify the separation and puriffcation of compounds throughout 
the process. HPLC was used to analyse the compounds. 

Example 3 
Comparison of Extraction Methods 



10 



e)ctraction methods were compared to determine the relative compositions and efficiency 
of yields. 



a. Extraction with water. 

A sample of cedar wood was placed in a container of water and heated to S5^C. The 
IS sample was allowed to soak for 1*6 hours. The aqueous phase was recovered by 

filtration and the 'spent* extracted plant materials were discarded. A sample of the 
aqueous phase was taken for analysis of its composition. Results are shown In Table 5, 



20 
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b. Extraction with steam. 

A sample of wood was placed in a metal retort and heated with *dry* steam delivered at 
temperatures ranging fromlSO -190^C at absolute pressure of between 96.S kPa and 
193kPa for a period of 1-6 hours. The hot vapours exiting the retort were condensed in a 
water-cooled heat exchanger running at from 6 - 26^C at atmospheric pressure. 
Separation of the extract from the water was made using density differences between the 
water insoluble extract having a density greater thanl.O at temperatures less than lO^C, 
and th water with a density of 1 .0, A sample of the extract was taken for analysis, and 
results shown in Table 5. 



30 



a Extraction with two solvents. 
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A sample of cedar wood was placed in a container to which sufficient MA was added to 
keep the upper surface of the wood wetted. The mixture was allowed leach or soak with 
periodic stirring, for a period of from about 2-12 hours at temperatures ranging from 15- 
30^C. The alcohol was then separated from the wood and an equal volume of DCM (to 
the MA) was added. This mixture was allowed to stand for a period ranging from 1 to 4 
hours at 10-25®C at atmospheric pressure. When fully partitioned the upper and lower 
solvents were separated by density differences as eariiar described. 

The DCM/Extract 1 A mixture was separated by distillation of the DCM, which was 
recovered. Remaining in the retort was the volatile fraction of the wood extract. A 
sample of this extract was taken for analysis of its composition. 

The MA/Extract 1B mixture was also separated by distillation of the MA, which was 
recovered. 

The compositions of the major components of the extract were analyzed by gas 
chromatography. Results shown in Table 6 demonstrate that the extract produced by the 
solvent method was higher in thujtc acid, the thujipllcins, and in plicatic acid than in the 
water and steam extracts. 

d. Extraction of cedar sawdust using two solvents. 

Method using MA and DCM 

A sample of fresh western red cedar sawdust was collected at a sawmill. A portion of the 
sample was placed in a Soxhelet apparatus, and MA was added in excess. The 
apparatus was run for 6 to 12 hours. On completion, the MA was separated from the 
extracted plant materials, and the extracted plant materials discarded. To the MA fraction 
was added an equal volume of DCM. The solution was mixed thoroughly for between 
about 5 and 60 minutes. Upon cessation of mixing, the mixture of solvents partitioned 
and the layers were separated as eariier described. The MA fraction was stored and the 
DCM solution sampled for analysis of its contents by Gas chromatography. Results are 
shown in Table 5. 
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Method using acetone and DCM 

The method using MA and DCM was performed using acetone instead of MA. 

The acetone fraction was stored and the DCM fraction were sampled for analysis of its 

contents by gas chromatography. Results are shown in Table 5. 

e. Extraction of cedar ''Hog Fuel" using two solvents. 

A sample of freshly processed western red cedar wood industrial waste, consisting of 
shredded waste wood (called "hog fuel'' in the vernacular of the wood milling industry), 
was sampled. The above method for cedar sawdust extraction using MA was followed. 
The MA fraction was stored and the DCM sample was sampled for analysis of its 
contents by gas chromatography- This test was repeated three times with fresh batches 
of the same wood sample. All three extractions were conducted under the same 
experimental conditions. Average values from three runs are shown in Table 5. 
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Table 5: C mparison 



ofVartousExtractI nM t bods and Materials 

■ steam \ Acetone I MA ^ \ MA/DCM [ MA/DCM 

/DCM M 

Sawdust Wood TSawdust 




T aII figures shown as petx^nt by weight CWu^)> 



gitam ple 4 

1„ vitro study of Extract 1 A anUbiotIc effects 
"^^^X^y van JU-Cn -res>s.an. ante^cocO (VKB) and other spec*.. 



Method 



^^„uMoMOOn,.o,.^ac.,Awasd,ssc,ved.e^=--^^^^^ 

^r. rr:r:irLr:";rH'^ro«.d, ea.n.s.oKe, 

ccncehtratlohs 0.1 mgfl. 1 mgfl, 10 mgfl, 0.1 gft. and 1.0 grt- 

o,^n>«ns we™ gn=wn cvemkjht UypBcase soy broth .o y,e.d »P~»"™^J' 

units (CFU, per mt. The inoculum used was 104 -—^^ 
, „«tarrinnl uLofal-IOOdUuHonoftheovemightculturetotheptateswimaue 
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incubated for 48 hours, Th minimum inhibitory concentratfon (MIC) was defined as the 
milligram of compounds per litre of medium at which there was a 99.9 % or greater 
reduction in the original Inoculum. 



Table 6: Minimum Inhibitory Concentration of Extract 1A 



Number of 


Organism 


MIC in 


Plates 




Grams 


5 


Enterococcus spp. 


>1 


5 


Vancomycin resistant 


>1 




Enterococcus spp 




5 


Methiclllin sensitive $. aureus 


1 


5 


Methidliin resistant S. aureus 


1 


5 


E. CO// 


1 


5 


P. aeruginosa 


>1 


5 


Candida albicans 


1 


5 


Cryptococcus neaformans 


1 



Extract 1A inhibited ail 5 Isolates of E. coii, all 10 isolates of S. aureus, all 5 isolates of C» 
albicans, and all 5 isolates of C. neofonnans at lOOOmg/L. The actual MIC for E. coli, 
aureus and the yeast isolates is between 100mg/L and 1000 mg/L as no plates were 
done between 100 mg/L and 1000 mg/ L 



ExamiJteS 
Antioxidant Effects 



Compounds in Extract 1B and Lignin Extract 10 of the invention are used to prevent 
oxidation in certain fats and oils. Fish oils, animal oils and vegetable oils are manufactured 
in the usual manner, and filter sterilized Extract 1b and/or Lignin Extract ID is added after 
any heat processing. The extracts may added to the oils either at the manufacturing stage 
. or during consumer packaging. 
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WHAT IS CLAIMED IS: 

1. A process for preparing extracts from solid plant materials, wherein the plant 
materials comprise tropolones, Hgnins and polar molecules, the proc ss comprising: 

a) mixing the plant materials with a liquid polar solvent to form an extraction 
mixture; 

b) maintaining said extraction mixture under extraction conditions effective to 
extract a proportion of the lignins, a proportion of the polar molecules and 
at least 50% of the tropolones in the plant materials into said polar soivent 
to form a pregnant polar soivent liquid phase, and a solid phase of 
extracted plant materials in said extraction mixture; 

c) separating said pregnant polar soivent liquid phase firom said solid plant 
materials; 

d> mixing said pregnant polar solvent liquid phase with a substantially 
immiscible nonpolar solvent under partition conditions effective to partition 
the tropolones and lignins substantially into said nonpolar solvent and to 
partition the polar molecules substantially into said polar solvent, to form a 
partitioned nonpolar solvent phase comprising lignins and tropolones, and 
a partitioned polar solvent phase comprising the polar molecules; and 

e) separating said partitioned polar solvent phase from said partitioned 
nonpolar solvent phase to obtain a polar plant extract and a nonpolar plant 
extract. 

2. A process for preparing extracts from solid plant materials, wherein the plant 
materials comprise tropolones, lignins and plicatio acid, the process comprising: 

a) , mixing the plant materials v^th a liquid polar solvent to fomi an extraction 

mixture; 

b) maintaining said extraction mixture under extraction conditions effective to 
extract a proportion of the plloatic add, a proportion of the iignins and at least 
50% of the tropolones in the plant materials Into said polar solvent to form a 
pregnant polar solvent liquid phase, and a solid phase of extracted plant 
materials In said extraction mixture; 

c) separating said pregnant polar solvent liquid phase from said solid plant 
materials; 

d) mixing said pregnant polar solvent liquid phase with a substantially immiscible 
nonpolar solvent under partition conditions effec&ve to partition the tropolones 
and the lignins substantially Into said nonpolar solvent and to partition th 



C 08. 2003 14:52 FR 604 682 0274 804 S82 0274 TO 17034 152559 P . 33 

-30^ 



plioattc acid substantially into said polar solvent* to fonm a partitioned nonpolar 
solvent phase comprising iignins and tropolones, and a partitioned polar 
solvent phase comprising plicatic acid; and 
e) separating said partitioned polar solvent phase from said partitioned nonpolar 
solvent phase to obtain a polar plant extract and a nonpolar plant extract. 



3. The process of claim 1 or 2 further comprising concentrating the partitioned polar 
solvent phase and the partitioned nonpolar solvent phase by removing the polar and the 
nonpolar solvents respectively to form a concentrated polar phase and a concentrated 
nonpolar phase, 

4. The process of claim 3 wherein said polar solvent and said nonpolar solvent are 
removed by distillation. 

5. The process of claim 3 or 4 further comprising treating said concentrated nonpolar 
plant extract with an additional wash of nonpolar solvent effective to partition tignins and 
tropolones into a Kgnin extract and a tropolone extract. 

6. The process of claim 5 wherein said additional wash of nonpolar solvent Is 
comprised of diethyl ether. 



7. The process of any one of claims 2-6 wherein the plant materials comprise ' a 
wood. 



iS 8, The process of claim 7 wherein said wood is from a plant species selected from 

the plant order Cupressales. 

9. The process of claim 8 wherein said plant species is selected from the group 
consisting of: Thuja plicata Don., Cupressus arizonlca, Cupressus macnabiana, Juniperus 
monosperma, Chamaocyparis ^yoides, Thujopsis tiolabrata van hondae and Thuja 
OGcidentalis. 



1 0. The process of daim 1 wherein the plant materials comprises a wood. 



35 



11. The process of claim 10 wherein said wood is from a plant species selected from 
the plant ord r Cuppressales. 
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12. The process of claim 11 wherein said plant species is selected from a group 
consisting ofi Chamaeoyparis fbrmosensis; Chamaecyparis lawsoniana; Chamaecyparis 
obtusa; Chamaecyparis taiwanensls] Chamaecyparis thyoldes; Cupressus abramsiana; 
Cupressus arizonica, Cupressus bakarl; Cupressus goweniana; CupresBus macnabiana; 
Cupressus macrccarpa; Cupressus pygmaea; Cupressus sargentii; Cupressus 
sempervirens, Cupressus torulosa: Juniperus cedrus; Juniperus communis; Juniperus 
chinensis; Juniperus deppeana; Juniperus monosperma; Juniperus osteosperma; 
Juniperus phoenioea; Juniperus thurifera; Juniperus utahensis; Calocedrus decurrens: 
Caiocedrus formosana; Piatycladus orientalis. Thuja occidentalis; Thuja piicata; Thuja 
standishii; Thtdopsis dolabrata; Tetraciinis artlculata; and Austrocedrus chilensis. 

13. The process of claim 9 or 12 wherein said plant species is Thqia piicata Don. 

14. The process of any one of claims 1-13 wherein said polar solvent Is a liquid 
solvent having a polarity Index of at least 4. 

15. The process of any one of claims 1-^14 wherein said polar solvent is selected from 
the group consisting of: 2-methyl-l-propanol; methyl isoamyi ketone; n^-butyl acetate; 
methyl isobutyl ketone; tetrahydrofuran; 2,6-lutldlne; ethyl acetate; Isopropanol; 
chloroform; cyclohexanone-, methyl ethyl ketone; methyl n-propyl ketone; 2-p5coHne; 
dioxane; ethanol; nitroethane; pyridine; acetone; methoxyethanoi; acetic acid;, 
acetonitrile; methanol; nitromethane; m-cresoi; and water. 

16. The process of any one of claims 1-15 wherein said polar solvent Is methanol- 

17. The process of any one of claims 1^16 wherein said polar solvent is acetone. 

18. The process of any one of claims 1-17 wherein said nonpolar solvent Is a liquid 
solvent having a polarity index less than 4. 

19. The process of any one of claims 1-18 wherein said nonpolar solvent is selected 
from the group consisting of: squalane; Isooctane; n-decane; 1,1,2- 
trichlorotrifluoroethane; cyclohexane; n-hexane; pentane; ^clopentane; heptane; 
petroleum ether; carbon disulfide; n-butyl chloride; carbon tetrachloride; dibutyl ethen 
triethylamine; diisopropyl ether; tofu ne; o-xylene; p-xylene; methyl ^butyl ethen 
bromobenzene; chlorobenzene; iodobenzene; o-dichlorobenzene; diethyl ether; benzene; 
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dichloromethane; ethyl bromide; fiuorobenzene; ethylene dichloride; Isopentanof; 
ethylene chloride; 2*propanol; n-butanol; n-propanoi; and tert.-butanol. 

20. The process of any one of dalms 1-19 wherein said nonpolar solvent is 
dichloromethane. 

21 . The process of any one of claim 19 wherein said nonpolar solvent is diethyl ether. 

22. The process of any one of claims 1-21 wherein said extraction conditions are 
maintained for an extraction period of from about one minute to three days. 

23. The process of claim 22 wherein said extraction period is about one to 24 hours. 

24. The process of claim 22 wherein said extraction period is about four to 1 2 hours, 

25. The process of claim 22 wherein said extraction period is about 12 hours, 

26. The process of claim 22 wherein said extraction period is about six hours. 



P. 34 



20 



27, The polar plant extract prepared by the process of any one of claims 1-26. 



25 



28. The nonpolar plant extract prepared by the process of any one of claims 1-26. 

29. The extracted plant materials prepared by the process of any one of claims 1-26. 

30. A presen/atlve composition comprising the nonpolar extract of claim 28. 

31. An antioxidant composition comprising the nonpolar extract of claim 28. 



30 



32. A fragrance ingredient comprising the nonpolar extract of claim 28. 



35 



33. A cleansing agent comprising the nonpolar extract of claim 28. 

34- A disinfecting composition comprising the nonpolar extract of claim 28. 

35. The use of the nonpolar extract of daim 28 In the manufactur of a medicament 
for treating Infection. 



on 02/02/2005 
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to 
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36. The use of the nonpolar extract of claim 28 in the manufacture of a disinfectant, 

37. The use of the nonpolar extract of claim 28 in the manufacture of a fragrance. 

38. The use of the nonpolar extract of claim 28 in the manufacture of an antibacterial 
agent. 

39. The use of the nonpolar extract of claim 28 in the manufacture of an anticancer 
agent 

40. The use of the nonpolar extract of claim 28 in the manufacture of an antifungal 
agent. 

41. The use of the nonpolar extract of claim 28 in the manufacture of an insecticidal 
agent. 

42. The use of the nonpolar extract of claim 28 in the manufacture of a cleansing 
agent. 

43. The use of the nonpolar extract of claim 28 in the manufacture of a disinfecting 
agent. 

44. A preservative composition comprising the polar extract of claim 27. 

45. An antioxidant composition comprising the polar extract of claim 27. 

46. A cleansing agent comprising the polar extract of claim 27. 



30 



47. A disinfecting composition comprising the polar extract of claim 27. 



35 



48. The lignin extract of claim 5. 

49. The use of the lignin extract of claim 5 in the manufacture of an antioxidant. 

50. The us of the extracted plant materials of claim 29 for the construction of wood 
products. 



on 02/02/2005 
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51 . The tropolone extract of claim 5. 
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52, A preservative composition comprising the tropolone extract of claim 5. 

53, A cleansing agent comprising the tropolone extract of claim 5. 

54, A disinfecting composition comprising the tropolone extract of claim 5, 
65. An antifungal composition comprising the tropolone extract of claim 5. 

56. An Insecticidal composition comprising the tropolone extract of claim 5* 

57. An antibacterial composition comprising the tropolone extract of claim 5, 

58. The use of the tropolone extract of claim 5 in the manufacture of a medicament for 
treating Infection. 

59. The use of the tropolone extract of daim 5 in the manufacture of a disinfectant, 

60. The use of the tropolone extract of claim 5 in the manufacture of a fragrance. 

61. The use of the tropolone extract of claim 5 in the manufacture of an antibacterial 
agent. 

62. The use of the tropolone extract of claim 5 in the manufacture of an anticancer 
agent. 



30 



63. The use of the tropolone extract of claim 5 in the manufacture of an antifungal 
agent. 



64. The use of the tropolone extract of claim 5 in the manufacture of an insecticidal 
agent. 
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ABSTRACT 

A process for preparing plant extracts is provided. Plant materials, including tropolones, 
tignins and polar molecules, are mixed with a liquid polar solvent to form an extraction 
mixture, which is maintained under extraction conditions effective to extract Hgnlns, polar 
molecules and at least 50% of the tropolones into the polar solvent to form a pregnant 
polar solvent liquid phase. The pregnant polar solvent phase is separated from the solid 
plant materials, and mixed with a substantially immiscible nonpolar solvent under 
conditions effective to partition the tropolones and tignins substantially into the nonpolar 
solvent and to partition the polar molecules substantially into the polar solvent to form a 
partitioned nonpolar solvent phase comprising lignins and tropolones, and a partitioned 
polar solvent phase comprising the polar molecules, and separating the polar solvent 
phase from the nonpolar solvent phase to obtain a polar plant extract and a nonpolar 
plant extract. 
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